Sustained inhalation of supraphysiological concentrations of oxygen (O 2 ) is an obligatory therapeutic intervention for many clinical situations presenting with systemic hypoxemia. Despite attempts to maintain arterial O 2 concentrations in the normal range, this use of O 2 may be accompanied by tissue damage, in particular to the lung, which receives direct exposure (1) . BPD, a chronic pneumopathy occurring primarily in premature infants requiring prolonged respiratory support, has long been recognized to result, at least in part, from pulmonary oxygen toxicity (2) . An understanding of the molecular and cellular events leading to the histopathological changes observed with BPD was, for many years, hampered by the lack of appropriate neonatal animal models (3) , and our understanding of the mediators of pulmonary O 2 toxicity was dependent on studies in adult animals. We, and others, have used adult rat models to correlate O 2 -mediated pulmonary cellular hyperplasias to changes in expression of various growth factor genes (4 -7) . Such models offer simplicity, in that the adult lung is essentially a nonproliferative organ that may be expected to have major alterations in growth factor expression following the onset of a proliferative lung injury. In contrast, the neonatal lung is normally a proliferative organ, even in the absence of injury. BPD is characterized by a net reduction of overall lung growth, as assessed by late morphometric analysis (8) and histologic observations of autopsy material (9) . Superimposed on this overall effect, there is a continued division of specific cell types, such as pneumocytes during repair of the alveolar epithelium, perivascular smooth muscle with the development of pulmonary hypertension, and interstitial fibroblasts with the development of pulmonary fibrosis.
Recently, animal models of neonatal lung injury that have pathologic characteristics of BPD have been described, including the baboon (10), rat (11, 12) , and mouse (13) . As previously reported (11) , the newborn rat subjected to a continuous 14-d exposure to 60% O 2 has an overall reduction in lung growth, while retaining patchy areas of parenchymal thickening and active DNA synthesis. These histologic changes were accompanied by a reduced lung volume and elastance (11) . Patchy foci of cellular hyperplasia, observed with O 2 toxicity and a variety of other lung injuries, are believed to be mediated through polypeptide growth factors (14, 15) , and altered expression of IGF-I and its type I receptor, IGF-IR, was seen in the neonatal rat model of pulmonary oxygen toxicity (11) .
Both homodimers of PDGF (PDGF-AA and PDGF-BB) appear to play critical roles in early lung organogenesis. PDGF-AA is required for branching, and PDGF-BB for the parallel increase in lung mass seen during the branching process (16) . In other studies, we have demonstrated positive PDGF-BB immunoreactivity in the epithelial cells of the developing airways and peripheral lung at the late canalicular stage of fetal rat lung development (d 20 of 22), which then declines before birth (17) . We have also documented the responsiveness of fetal and neonatal lung epithelial cells to exogenous PDGF-BB in vitro (18 -20) . Based on these studies, we hypothesized that expression of PDGF-related genes would be up-regulated following birth, possibly as a mediator of pneumocyte hyperplasia occurring during normal postnatal alveolarization. Based on our previous observations with IGF-I and IGF-IR, we anticipated that exposure of newborn rats to 60% O 2 would down-regulate expression of whole lung PDGFrelated mRNA, but that increased PDGF ligand and receptor would be found in areas of parenchymal thickening, which we have previously shown to be sites of residual active DNA synthesis (11) .
METHODS

Materials.
Radioisotopes were from ICN Radiochemicals (Irvine, CA, U.S.A.), nylon membrane from Amersham Canada (Oakville, Ontario, Canada) and restriction enzymes and dextran sulfate from Pharmacia (Baie D'Urfé, Québec, Canada). BSA type V, Ficoll 400, polyvinylpyrrolidone, guanidinium thiocyanate, cesium chloride, and salmon sperm DNA were from Sigma Chemical Co. (St. Louis, MO, U.S.A.). Organic solvents were of HPLC grade. Rabbit anti-human PDGF-BB and -AA polyclonal IgG for immunohistochemistry, a goat-neutralizing anti-human PDGF-BB IgG and nonspecific goat and rabbit IgG were from Genzyme (Boston, MA, U.S.A.). Rabbit anti-human PDGF ␤-receptor polyclonal IgG was from UBI (Lake Placid, NY, U.S.A. Exposure system. Pathogen-free timed pregnant Sprague Dawley rats (250 -275 g) were obtained from Charles River (St. Constant, Québec, Canada). All experiments were conducted as paired exposures with one chamber receiving 60% O 2 and the other receiving air. On the anticipated day of delivery each animal was placed in a 60 ϫ 48 ϫ 25 cm plastic chamber with 12 h:12 h light-dark cycles. Food and water were available ad libitum. Chambers were connected to an air or O 2 source before placing animals in the chambers and delivery occurred in the selected gas. Oxygen concentrations were calibrated daily using an online SensorMedics O 2 analyzer (Summit Technologies, Oakville, Ontario, Canada). Gas flow was adjusted to maintain minimal chamber humidity with a CO 2 concentration below 0.5% using an online SensorMedics CO 2 analyzer (Summit Technologies). Dams were exchanged daily between O 2 and air chambers to prevent maternal O 2 toxicity. The number of pups in each paired litter was adjusted to 10 -12 pups at the onset of the exposure period. Balanced litter sizes were maintained by removing an equal number of pups from air-exposure chambers as died in paired O 2 chambers. The mortality rate after 14 d in 60% O 2 was Ͻ20% (11).
Isolation of lung RNA. A total of 36 litters were used, with 4 litters at each time point for each gas. All lungs from each litter were pooled for isolation of total lung RNA. The thoracic contents were removed en bloc and the lungs dissected away from vessels and large airways, to be flash frozen in liquid nitrogen after weighing. Total (nuclear and cytoplasmic) RNA was isolated by lysing the tissue in 4 M guanidinium thiocyanate followed by extraction with 2 M sodium acetate (pH 4.0), phenol, and chloroform/isoamyl alcohol (21) . RNA was isopropanol precipitated and collected by centrifugation. This RNA was dried under vacuum and dissolved in DEPC-treated water. Integrity of RNA was assessed from the visual appear-424 ance of the ethidium bromide-stained ribosomal bands following fractionation on a 1.2% (wt/vol) agarose-formaldehyde gel.
PCR-generated molecular probes. Total RNA was isolated and RT-PCR was performed as described previously (22) . The amplified PCR products were then gel purified and ligated into PCR II (In Vitrogen, San Diego, CA, U.S.A.) with T4 DNA ligase. After transformation of competent Escherichia coli, several colonies were picked for sequence analysis using the dideoxy chain termination method according to the manufacturer's instructions (Pharmacia). Sequence analysis showed a greater than 95% homology to the published sequence. The primers chosen for PDGF-A chain, 5Ј-CACGGGGTCCAT-GCCACTAAGCAT-3Ј and 5Ј-ATCCGGATTCTGGCTTGT-GGTCGC-3Ј, were based on the human genomic sequence (23) , giving a 366 bp fragment. The primers for the PDGF-B chain, 5Ј-AGTCGGCATGAATCGCTGCTGGG-3Ј and 5Ј-TTTCTCACCTGGACCGGCCGCAT-3Ј, were based on the murine genomic sequence (24) and when amplified gave a fragment of 476 bp. The primers for the PDGF ␣-receptor, 5Ј-ATTGTGCCGCTGAGTTCGTCC-3Ј and 5Ј-GGCATA-AACGTTAAACTCGCTGG-3Ј, were based on the rat cDNA sequence (Genbank #: RNDPDGFACE) giving an amplified fragment of 488 bp. The primers for the PDGF ␤-receptor, 5Ј-CGACGATTCCATGCCGAGTGACA-3Ј and 5Ј-AGTG-GACAGAACCAACTCGCC-3Ј, were based on a rat cDNA sequence (Genbank #: RNDPDGRRBE), giving a 654 bp fragment. The RT-PCR-generated cDNA were excised from PCR II plasmids by restriction digestion, labeled with [␣-32 P]dCTP by random hexamer priming, and used as hybridization probes.
Northern blot analyses. All Northern blot analyses were performed using 20 g of RNA. The total RNA samples from lungs exposed to air or to 60% O 2 were denatured in a loading buffer containing 2.2 M formaldehyde for 5 min at 65°C and electrophoresed in 1% (wt/vol) agarose gels containing 0.66 M formaldehyde. The RNAs were transferred to Hybond-N ϩ nylon membrane (Amersham, Arlington Heights, IL, U.S.A.) using the capillary transfer technique. After transfer the blots were air dried and fixed in a UV crosslinker (Stratagene, La Jolla, CA, U.S.A.). All probes were labeled with deoxycytidine 5Ј-[␣-32 P]triphosphate by a random-primed labeling system (Amersham), with specific activities of 0.5-2.9 ϫ 10 9 counts/ min/g DNA. Prehybridization (Ն2 h) and hybridizations (overnight) were performed in 50% (vol/vol) formamide; 5ϫ SSPE [ϭ 750 mM NaCl; 50 mM sodium phosphate, 5 mM EDTA, pH 7.4]; 5ϫ Denhardt's solution [ϭ 0.1% (wt/vol) each of BSA, Ficoll, and polyvinylpyrrolidone]; 0.5% (wt/vol) SDS; 100 g/mL denatured sheared salmon sperm DNA at 42°C. After hybridization, the blots were washed in 2ϫ SSC [ϭ 300 mM NaCl, 30 mM sodium citrate, pH 7.0], 0.1% SDS at room temperature for 10 min, and a second time in the same stringency at 42°C for 5-10 min. Most of any residual nonspecific binding, particularly with the probe for PDGF-A, was removed by a quick additional wash in 1ϫ SSC, 0.2% (wt/vol) SDS at 42°C for 2-5 min. The blots were exposed for 4 d for PDGF-A, 1 h for 18S rRNA, and otherwise for 24 -48 h, to Kodak XAR-5 film using Dupont Cronex intensifying screens.
The films were quantified by an Ultroscan XL laser densitometer (LKB, Bromma, Sweden).
Glyceraldehyde 3Ј-phosphate dehydrogenase (GAPD; EC 1.2.1.12) and ␤-actin probes are commonly used as controls, but in studies of O 2 -mediated alterations of gene expression they cannot be used as the expression of both actin (25) and GAPD (data not shown) mRNA are affected by exposure to elevated concentrations of O 2 . To correct for variations in loading of gels and transfer to membranes, all results were normalized to the 18S ribosomal RNA, as previously described for studies of IGF mRNA in this model (11) .
Synthesis of nonradioactive riboprobes. Plasmids containing PDGF-A and PDGF-B cDNA probe inserts were linearized using the appropriate restriction endonuclease. The linear plasmid was then separated from uncut plasmid on a 1.5% (wt/vol) Tris-borate-EDTA agarose gel and subsequently isolated from the gel using a gel extraction kit (Qiagen, Mississauga, Ontario, Canada). Single-stranded sense and antisense digoxigenin (DIG)-labeled riboprobes were then synthesized by in vitro transcription, using the DIG RNA Labeling Kit from Boehringer Mannheim (Indianapolis, IN, U.S.A.). The labeled riboprobes were then ethanol-precipitated and resuspended in DEPC-treated water.
In situ hybridization. Tissue sections in paraffin were dewaxed in xylene for 20 min, then rehydrated in a decreasing ethanol series and washed in PBS. The sections were then fixed in 4% (wt/vol) paraformaldehyde for 20 min and washed in PBS. Tissue permeabilization was achieved by treating the sections with 20 g/mL of proteinase K in 50 mM Tris (pH 8.0), 5 mM EDTA for 17 min at 20°C. Tissue sections were then washed in PBS and fixed in 4% (wt/vol) paraformaldehyde for 5 min. After rinsing with DEPC-treated water, slides were washed in 0.1 M triethanolamine, 0.25% (vol/vol) acetic anhydride for 10 min at 20°C, washed in PBS and dehydrated through an ascending ethanol series before being air-dried for the addition of the hybridization solution. DIG-labeled riboprobes (Ϸ1 ng/L) were added to freshly prepared hybridization solution [50% (wt/vol) deionized formamide, 10% (wt/ vol) dextran sulfate, 1.5ϫ Denhardt's reagent, 0.5 mg/mL yeast tRNA, 0.3 M NaCl, 5 mM EDTA, 25 mM Tris; pH 7.6] and the mixture denatured at 95°C for 3 min. The cooled hybridization solution was incubated with the slides in a humid chamber overnight at 55°C. Sequential washes were: 5ϫ SSC, 50% (vol/vol) formamide for 1 h at 55°C; 0.5 M NaCl, 10 mM Tris, 5 mM EDTA, pH 7.5 for 15 min at 20°C then ϫ2 for 10 min at 37°C; 10 g/mL RNAase A, 0.5 M NaCl, 10 mM Tris, 5 mM EDTA, pH 7.5 for 30 min at 37°C; 0.5 M NaCl, 10 mM Tris, 5 mM EDTA, pH 7.5 for 15 min at 37°C. These were followed by stringent washes in 2ϫ SSC and 0.1ϫ SSC at 50°C. Slides were then incubated in 1% (wt/vol) blocking solution, from a DIG-nucleic acid detection kit (Boehringer Mannheim), in 100 mM maleic acid, 150 mM NaCl, pH 7.7 for 1 h at 20°C to block nonspecific binding of the primary antibody against the DIG label. A 1:500 dilution of alkaline phosphatase-conjugated anti-DIG antibody, diluted in blocking buffer, was applied to the tissue sections for 1.5-2 h at 20°C, following which they were washed ϫ2 in 100 mM maleic acid, 150 mM NaCl, pH 7.5 for 15 min to remove unbound antibody.
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The pH of the sections was adjusted to 9.5 by washing in detection buffer (0.1 M Tris, 0.1 M Na Cl, 50 mM MgCl, pH 9.5). Color formation was initiated by the addition of 175 g/mL 5-bromo-4-chloro-3-indoyl phosphate and 337.5 g/mL nitroblue tetrazolium salt in detection buffer for 2 h in the dark. Color development was arrested by immersing the slides in distilled water. Lastly, the slides were counterstained with nuclear fast red before dehydration and mounting.
Immunohistochemistry. Animals were anesthetized with intraperitoneal ketamine (80 mg/kg) and xylazine (20 mg/kg). A tracheal catheter was inserted and sutured in place to facilitate lung inflation. The anterior part of the chest wall was reflected upward. While the heart was beating, a catheter was inserted through the right ventricle into the main pulmonary artery and an incision made in the left atrial appendage to allow drainage. The pulmonary circulation was then flushed with PBS containing 1 unit/mL heparin, during intermittent lung inflations, until the lung became white, then fixed with freshly prepared 4% (wt/vol) paraformaldehyde and 0.02% (vol/vol) glutaraldehyde by perfusion under a constant airway pressure of 10 cm H 2 O. The lungs were embedded in paraffin and cut in 5-m sections. Sections were mounted on ␣-aminopropyltriethoxysilane-coated slides. After completion of immunohistochemical studies, using an avidin-biotin-peroxidase complex method (26) , slides were lightly counterstained with Carazzi hematoxylin, dehydrated, cleared in xylene, and mounted. Dilutions of the primary antisera were 1:300 for PDGF-␣R, 1:1500 for PDGF-␤R, 1:200 for PDGF-AA, 1:100 for PDGF-BB, and 1:1000 for ␣-smooth muscle actin. Antibody specificity was verified by both omitting the primary antiserum or by replacing it with nonimmune rabbit IgG. The specificity of the antibodies has been previously confirmed by a lack of staining after the primary antisera had been immunoabsorbed with either recombinant human PDGF-AA or -BB (27) , or PDGF-␣R and -␤R blocking peptides (28) . Animals selected for immunohistochemistry were chosen arbitrarily from the average-sized pups of each litter.
Interventions. Pups in air received intraperitoneal injections of 100 g/50 L of either neutralizing goat anti-human PDGF-BB IgG in PBS or isotype-nonspecific IgG in PBS on d 4 and 5 of life. Because of limitations of injection volume, pups could not be studied at an earlier age. Four average-sized pups from a single litter were used in each group. In a separate experiment, four pups each were similarly injected with isotype-nonspecific IgG in PBS, or PBS alone, to exclude any nonspecific effects of IgG injection. On d 6, the pups received 1 Ci/gm intraperitoneal [ 3 H]thymidine 2 h before sacrifice. Genomic DNA in the lung tissue was isolated using DNAzol reagent (29) . [ 3 H]Thymidine incorporation into DNA was measured by scintillation counting of defined quantities of DNA, as measured by fluorospectrophotometry (30) using a Hitachi (Tokyo, Japan) F-2000 fluorescence spectrophotometer. Confirmation that goat anti-human PDGF-BB IgG reached the lung following intraperitoneal injection was obtained in two ways. Firstly, the presence of goat IgG in the lung was demonstrated by immunohistochemistry using FITC-conjugated rabbit anti-goat IgG (1:200), with control animals injected with nonspecific rabbit IgG. Secondly, rabbit antihuman PDGF-BB immunohistochemistry was used, as above, to demonstrate loss of PDGF-BB immunoreactivity following intraperitoneal injection of goat neutralizing antibody to PDGF-BB.
The PDGF-R␤/Fc chimera soluble truncated receptor was injected i.p. [Ϸ3 g/g in 20 L 0.2% (wt/vol) BSA in PBS] on d 2 of life. This concentration was based on preliminary experiments to define maximal inhibitory effects (data not shown), and the reduced injection volume allowed the study of pups at an earlier age than had been possible using antibody interventions. [ 3 H]Thymidine incorporation into DNA was measured on d 4 of life, as described above.
Data presentation. Unless otherwise stated, all numerical values are shown as mean Ϯ SEM of four litters for each time point. Statistical significance (p Ͻ 0.05) was determined by ANOVA followed by assessment of differences using Duncan's multiple range test (31) . SE bars are not evident for all data points shown in the figures because they fall within the plot point.
RESULTS
Northern blot analyses of PDGF-B mRNA identified a single transcript of 3.5 kb (Fig. 1) , consistent with previous observations in fetal rat lung (32) . In air-exposed animals, the steady state expression of PDGF-B chain mRNA was only significantly different (p Ͻ 0.05) from expression at birth at 10 d, at which time point it was reduced (Fig. 1) . The steady state expression of PDGF-B chain mRNA in the lungs of the 60% O 2 -exposed animals was only significantly different (p Ͻ 0.05) from values at birth at 6 d. However, there were significant 4O, 6O, 10O, 14O ). Control sections (C), from which the primary antibody had been omitted, showed no immunoreactivity. Immunoreactive PDGF-BB (brown stain) was not detected at birth, but was present at 4 d in air in airway (a) and alveolar epithelium (arrowheads), with only minimal immunoreactivity thereafter. In the lungs of 60% O 2 -exposed animals, PDGF-BB immunoreactivity was reduced at 4 d, but was sustained thereafter being most evident in small vessel (v) endothelial cells and both airway and alveolar epithelial cells (arrowheads) at 6 and 10 d. By 14 d, the PDGF-BB immunoreactivity in the lungs of 60% O 2 -exposed animals was reduced to minimal perivascular staining. Original magnification for all panels ϫ250.
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differences (p Ͻ 0.05) between the air-exposed and 60% O 2 -exposed animals at 4, 6, 10, and 14 d. In situ hybridization findings at 6 d were consistent with findings from Northern analysis, with no detectable signal for PDGF-B mRNA in air ( Fig. 2A) and extensive signals throughout the lung parenchyma after 6 d of exposure to 60% O 2 (Fig. 2B) . Negligible pulmonary PDGF-BB immunoreactivity was evident at birth (Fig. 3) . In air, immunoreactivity to PDGF-BB was evident in airway epithelium and alveolar epithelial cells at 4 d, with a decline in immunoreactivity at 6 d, a slight increase at 10 d, and minimal immunoreactive PDGF-BB by 14 d. In the lungs of 60% O 2 -exposed animals, PDGF-BB immunoreactivity was reduced at 4 d, relative to air-exposed control animals, but was sustained thereafter, being most evident in small vessel endothelial cells and both airway and alveolar epithelial cells at 6 d and 10 d. By 14 d, the PDGF-BB immunoreactivity in the lungs of 60% O 2 -exposed animals was negligible.
Northern blot analyses of PDGF-A mRNA identified a single transcript of 1.7 kb (Fig. 1) , consistent with previous observations in fetal rat lung (32) . In contrast to the observations with PDGF-B mRNA, the steady state expression of PDGF-A chain mRNA was not different between the airexposed and 60% O 2 -exposed animals at any time point, and only animals exposed to air for 6 d had expression significantly (p Ͻ 0.05) above that seen at birth (Fig. 1) . No difference between air-and 60% O 2 -exposed animals at d 6 was evident by in situ hybridization, with signal detected in only occasional epithelial cells (Fig. 2, C and D) . Pulmonary PDGF-AA immunoreactivity shared many features with PDGF-BB, in that it was barely detectable at birth, but was abundant at 4 d and decreased thereafter in animals breathing air (Fig. 4) . At d 4, immunoreactivity was maximal in airway epithelium and small vessel endothelium, but was also detectable in all other portions of the lung. In the lungs of 60% O 2 -exposed animals, PDGF-AA immunoreactivity was markedly reduced at 4 d, being only minimally evident in airway epithelium, but was evident throughout the lung at 6 d and 10 d and not detected at 14 d.
Northern blot analyses of PDGF-␤R mRNA identified a single transcript of 5.3 kb (Fig. 1) , consistent with previous observations in fetal rat lung (32) . The steady state expression of PDGF-␤R mRNA did not differ from values at birth in either the air-exposed or 60% O 2 -exposed animals at any time point (Fig. 1) . There was, however, a significant (p Ͻ 0.05) increase in the 60% O 2 -exposed animals relative to the air-exposed animals at 6 d. PDGF-␤R could be immunolocalized throughout the lung at birth (Fig. 5) . At 4 d, immunoreactivity in the lungs of animals breathing air had become more localized, in particular to subendothelial perivascular regions and to airway and alveolar epithelium. There was a subsequent decline in immunoreactivity thereafter, such that PDGF-␤R was only evident on airway epithelial cells by 14 d. The 60% O 2 - Northern blot analyses of PDGF-␣R mRNA identified a single transcript of 6.5 kb (Fig. 1) , consistent with observations in rat carotid artery (33) . The abundance of PDGF-␣R mRNA was greatest at birth (Fig. 1) , with a significant (p Ͻ 0.05) decline at all subsequent time points in air. In 60% O 2 , there was a lesser postnatal decline that was only significant (p Ͻ 0.05) at 10 d and 14 d. A significant (p Ͻ 0.05) difference between groups was only found at 6 d. Immunohistochemistry (Fig. 6 ) revealed the widespread presence of pulmonary PDGF-␣R at birth, which became more localized to airway epithelium by 4 d in air. Staining was reduced by 6 d in air-exposed animals, was in airway epithelial cells at 10 d, and was in subendothelial perivascular tissue at 14 d. In 60% O 2 -exposed animals, the intensity of staining was reduced at 4 d, absent at 6 d and 10 d, and had reappeared in airway epithelium at 14 d. Compared with control lungs exposed to air for 4 (Fig. 7A) or 7 d (Fig. 7C) , expression of ␣-smooth muscle actin was decreased, as assessed by immunohistochemistry, in lung tissue of pups exposed to 60% O 2 for 4 ( Fig. 7B) and 7 d  (Fig. 7D) .
To determine whether the expression of PDGF-BB in the air-exposed neonatal rat lung was causally related to early postnatal lung growth, two interventions designed to bind the PDGF-BB ligand and inhibit its binding to its natural PDGF ␤-receptor were used. Firstly, pups were injected intraperitoneally with either a neutralizing goat antibody to PDGF-BB, or a control rabbit IgG, on d 4 and d 5. Fluorescent detection of the goat antibody confirmed that it was evenly distributed throughout the lung tissue (Fig. 8, A and C) . Nonspecific fluorescence was not a contributing factor, in that no significant fluorescence was detected following injection of the rabbit antibody (Fig. 8, B and D) . Pups injected with a nonspecific goat antibody had normal PDGF-BB immunoreactivity (Fig. 9,  A and B) , whereas there was a loss of PDGF-BB immunoreactivity (Fig. 9, C and D) in the lungs of pups that received the PDGF-BB neutralizing antibody. We assume that binding of PDGF-BB to the neutralizing antibody masked sites on the PDGF-BB molecule necessary for immunoreactivity. Pups receiving intraperitoneal neutralizing antibodies to PDGF-BB on d 4 and d 5 had a significantly reduced (p Ͻ 0.05) lung DNA synthesis on d 6, as assessed by [ 3 H]thymidine incorporation into DNA (Fig. 10A) . Injection of isotype control IgG had no significant independent effect (p Ͼ 0.05) on DNA synthesis (data not shown). Secondly, intraperitoneal injection of a truncated soluble PDGF ␤-receptor on d 2 also significantly inhib- (Fig. 10B) .
DISCUSSION
A number of polypeptide growth factors, including PDGF (32), basic fibroblast growth factor (34), epidermal growth factor (35) , IGF (36) , transforming growth factors ␤1-3 (37, 38) , and keratinocyte growth factor (39) are believed to play a role in the rapid cellular hyperplasias that occur during fetal lung development. However, much less information is avail- able about the role of these factors in the pneumocyte, fibroblast, and endothelial cell population changes that occur during normal postnatal lung growth or after lung injury. Perhaps the best evidence available for the involvement of any one growth factor in normal postnatal lung growth is for the PDGF-AA isoform. PDGF-A knockout mice that survive beyond birth develop postnatal lung emphysema, secondary to a failure of alveogenesis attributed to a lack of alveolar myofibroblast differentiation and spreading (40) . PDGF-AA can bind to both PDGF-␣R and -␤R, whereas PDGF-BB can only bind to PDGF-␤R (41) . We (5), and others (4), in previous studies of hyperoxic lung injury in adult animal models have demonstrated an association of increased expression of PDGF-B chain and its receptor genes to areas of cellular hyperplasias within the injured lung. We have also shown the presence of PDGF and its receptors (17) on type II pneumocytes in vivo, and shown increased expression of their mRNAs when fetal rat lung epithelial cells are exposed to 50% O 2 in vitro (42) . PDGF-BB stimulates DNA synthesis in both fetal rat lung epithelial cells (18) and microvascular epithelial cells (43) . Taken together, these studies formed the basis for investigating the expression of PDGF and its receptors in the normal growth of postnatal rat lung and in the neonatal rat pup model of hyperoxic lung injury.
The 60% O 2 -exposed neonatal rat lung has emphysematous areas of reduced cell proliferation (11) , reminiscent of the changes seen in the lungs of PDGF-A knockout mice (40) . We therefore hypothesized: (a) that the expression of PDGFrelated genes would show a temporal pattern of expression consistent with their having a role in normal postnatal lung growth and (b) that exposure to 60% O 2 would result in a reduced steady state mRNA abundance and an altered spatial pattern of PDGF-related gene expression analogous to that which we have previously reported for IGF-I and the IGF-IR (11) .
In those animals breathing room air, immunoreactive PDGF-AA, -BB, and -␣R, and PDGF-␤R were maximal at d 4 after birth. This is the time point, in the neonatal rat, at which secondary septation commences (44) . The peak expression of these ligands showed a poor correlation with the steady state expression of their respective mRNA. Either a preceding peak of expression had occurred before d 4 of life, or the postnatal expression of these ligands is not transcriptionally regulated. After day 4, tissue expression of PDGF-BB and -␣R correlated with changes in their respective mRNA, whereas PDGF-AA and -␤R continued to show no correlation. The finding that PDGF-AA tissue expression peaks at d 4 is consistent with a critical role for PDGF-AA, acting through either the PDGF-␣R or -␤R, to regulate secondary septation as suggested by studies in knockout mice (40) , presumably through an effect on the alveolar myofibroblast. The presence of PDGF-BB in distal fetal lung cells, and the known mitogenic response of fetal and neonatal pneumocytes to PDGF-BB, suggests that PDGF-BB may be an autocrine competence growth factor acting through the PDGF-␤R for normal type II pneumocyte proliferation during normal postnatal lung growth in the rat. The peak of PDGF-BB expression at d 4 may indicate a role for PDGF-BB in pneumocyte hyperplasia accompanying secondary septation. That PDGF-BB is indeed a critical growth factor in early postnatal lung growth is supported by our observation that both neutralizing antibodies to PDGF-BB and a truncated soluble PDGF ␤-receptor cause a significant reduction of DNA synthesis in the first week of life. A complete inhibition of DNA synthesis using either approach would be unlikely, in that not all cell types will be responsive to PDGF-BB and that PDGF-AA can act through the PDGF-␤R to facilitate proliferation (41) . The functional significance of PDGF-BB and -␤R on airway epithelium of the air-exposed lung is presumably not related to cell division, in that airway formation is completed in early fetal life, but could be related to matrix deposition (41) .
In the postnatal lungs of animals breathing 60% O 2 , expression of PDGF-A mRNA was unchanged after birth, while the appearance of PDGF-AA immunoreactivity was dampened and delayed. This finding is again consistent with a critical role for PDGF-AA in normal secondary septation in that both the PDGF-AA knockout mouse (40) and the 60% O 2 -exposed rat (11) have similar emphysematous peripheral air sacs. Pups exposed to 60% O 2 had reduced ␣-smooth muscle actin immunoreactivity consistent with delayed myofibroblast differentiation, as observed in the PDGF-AA knockout mouse (40) . The increased steady state expression of PDGF-␣R mRNA correlated poorly with PDGF-␣R immunoreactivity, which showed a pattern similar to that seen with PDGF-AA, being generally decreased and delayed. Neither PDGF-AA nor PDGF-␣R were specifically localized to areas of parenchymal thickening, suggesting that PDGF-AA acting through the PDGF-␣R does not contribute to the cell proliferation observed at these sites. Following exposure to hyperoxia, the observed changes in PDGF-B and PDGF-␤R mRNA were somewhat more consistent with changes in the abundance of immunoreactive PDGF-BB and PDGF-␤R than was the case for the air-breathing group. The increase in immunoreactive PDGF-␤R, seen at d 14 in 60% O 2 -exposed lung tissue, in areas of parenchymal thickening was consistent with the pattern previously reported with IGF-IR (11) .
Taken together, these data are consistent with a critical role for PDGF-AA in secondary septation events occurring early in postnatal life, acting either through the PDGF-␣R or -␤R, and with PDGF-BB acting through the PDGF-␤R, as an autocrine growth factor in normal postnatal pneumocyte growth. Expression of the PDGF ligands and receptors is depressed and delayed in the 60% O 2 -exposed lung, which may account, at least in part, for the emphysematous appearance of air spaces observed with this exposure protocol (11) . In those areas of parenchymal thickening seen after a 14-d exposure to 60% O 2 , in which active cell division is present (11), PDGF-␤R immunoreactivity is markedly enhanced and widely distributed, suggesting that under these conditions PDGF-␤R is also present on fibroblasts and endothelial cells. PDGF-BB is well recognized as a growth and chemotactic factor for mature lung fibroblasts (45) , and is also a growth factor for fetal lung endothelial cells (43) . That IGF-IR (11) and PDGF-␤R both localize to areas of parenchymal thickening suggests that PDGF-BB and IGF-I may be acting as competence and progression factors, respectively, on actively proliferating cells at these sites.
